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Abstract.
The objective of this work is to investigate the rheological mechanism in cement paste for the 
combined use of superplasticizer (SP), retarder and accelerator. In particular, an effect on the partiele 
agglomeration is aimed for in order to contribute to a more fundamental understanding of the 
concrete’s flow behavior. The physical and Chemical aspect of admixture interaction was caught by 
performance of three kinds of experiments on cement paste. By studying the hydration kinetics, the 
structure development and the flow behavior, the macroscopic impact of the admixture additions was 
quantified.
Conceming the superplasticizer impact on cement paste, it was observed that the hydration 
reactions were delayed and different rheological behavior was initiated for the same cements of 
different batches. For the cement with a higher share of cubic aluminate phase, the SP was found to 
change the morphology of ettringite, which interfered with the dissolution behavior of the sulfate 
carrying phases and with the dissolution rate of C3A. The thermodynamic modelling indicated the 
presence of temporarily monosulfate due to the higher availability of aluminate ions. This 
morphology of the hydrates is an essential element in the mechanical interaction between particles 
and is therefore related with the observed differences in rheology.
For the combination of SP and retarder (SG), the latter clearly induced a delay in hydration kinetics 
and structure development. From the shear rheology, it was observed that the micromechanical 
mechanism became partly dominated by the polymer on the partiele surface. The impact of the 
retarder was attributed to (1) the change in volume fraction due to the postponed water consumption, 
(2) a slightly higher electrostatic repulsion, mainly due to positive charge neutralization on the cement 
grain surface, (3) increased steric repulsion caused by a reinforcement of the polymer layer on the 
partiele surface and (4) a morphological change of ettringite and related phases. All these factors 
contribute to the observed lower viscosity upon retarder addition. It was also concluded that SG 
simulated the SP interference in the hydrate formation and that small hydrates remain Jonger in the 
suspending liquid, before co-agglomerating, where they can lubricate the partiele contact during 
shear. In this way, further SG addition will cause a decrease in paste viscosity and a higher delay in 
shear propagation.
In the final stage, the SP was combined with a retarder and an accelerator. This accelerator 
compensated the delay in the hydration kinetics and structure development induced by the retarder. 
The storage modulus evolution identified a change in the micromechanical mechanism responsible 
for the agglomerate growth. It was concluded that the interstitial volume showed an increased 
structure forming activity compared with the SP retarder combination. Based on literature, this 
interstitial structure was identified as flocculated C-S-H nano-particles in solution, creating a porous 
network. The presence of the accelerator led to an extra interstitial structure which indirectly 
diminished the effect of the polymer layer. In this way, the interstitial network evolution explains the 
transition in partiele interaction from retarded to merely plasticized cement pastes.
The precarious balance between the hydrate morphology and the admixture adsorption showed to 
be arduous to model. The Chemical interactions on this nano-scale influence the physical properties 
of the grain surface and thus also the inter-particle mechanics. The challenge of working on this small
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scale was circumvented by addressing the global Chemical activity of the grain surface through a 
series of model parameters based on the observed hydration kinetics, structure development and flow 
behavior. Through the defmition of intemal and extemal hydrates, a concept was founded to describe 
the connection mechanism of flowing agglomerates in function of the C-S-H production.
In the case of superplasticizer addition only, a consistent proportional relation was found between 
changes in the Chemical activity on the agglomerate surface and the changes in reagglomeration rate 
of those agglomerates under shear. It was observed that, from a certain threshold agglomerate size, 
the shear stress of all tested cements increased towards a level for which the structural build-up 
mechanism is dominant over the structural break-down. This was called the start of anti-thixotropic 
series as soon as the intersection time monotonously decreased. During that anti-thixotropic period, 
the decrement in reagglomeration changed proportionally with the changing amount of intemal and 
extemal hydrates. Generally, the cumulative amount of C-S-H within the agglomerates influenced 
the agglomerate stability or size and the amount of extemal C-S-H determined the reagglomeration 
rate. If the observed proportionality can be obtained for other cements, one might consider the 
possibility to predict the further heat evolution of these cements solely from the rheological behavior.
For the combination of superplasticizer and retarder, the micromechanical mechanism shows 
major differences with the one for superplasticizer only. A reverse relation was found between the 
hydrate formation rate and the agglomeration rate. This implies that the polymer layer on the cement 
particles is more active in the agglomeration kinetics than for SP alone. The observation of higher 
increments in agglomeration rate over time led to the conclusion that a small fraction of hydrates was 
temporally excluded from agglomerate incorporation. The postponed activity of this fraction can 
cause an increasing increment of agglomerate connectivity over time.
For the extra addition of the accelerator, the agglomeration model shows to what extent the calcium 
ions in the interstitial solution reduce the polymer layer dominance in the agglomeration kinetics. It 
is argued that the C-S-H flocculation is addressed immediately by the calcium and that this results in 
another kind of interstitial volume than in the case of SP and retarder only. This volume does no 
longer solely provide slowly hydrating fme particles but it forms an irregular soft structure itself, that 
reinforces the stress buildup but breaks upon shearing. lts effect on the agglomeration rate seems to 
decrease over time while the corresponding effect of the retarder increased due to the postponed 
hydration.
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